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258a Monday, February 9, 2015combined computational[3,4] and experimental[2,5] studies have demonstrated
binding of the juxtamembrane (JM) region of EGFR to anionic lipids within
the inner leaflet, which is thought to be functionally significant for receptor
dimerization and activation.
Using a multiscale molecular dynamics approach, we have explored interac-
tions of all 58 human receptor tyrosine kinases (RTKs) with anionic membrane
lipids. Our results reveal that the JM regions of these receptors are able to
induce clustering of anionic lipids into ordered ring-like patterns around
the transmembrane helix in both simple asymmetric bilayers, and more com-
plex physiological bilayers which mimic the additional complexity found in
vivo[6]. The behaviour we observe is driven primarily via electrostatic interac-
tions between basic residues within the JM region, and negatively charged lipid
head groups. The insights these simulations provide are of interest both for
understanding RTK structure and function, and in the wider organisation of
proteins and lipids within bilayers.
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ErbB proteins are receptor tyrosine-kinases and their signal transduction mech-
anisms play significant roles in the pathogenesis of tumors. Their homo- and
heteroassociations lead to activation of signaling. The role of the extracellular
domain is well-known in regulating receptor clustering but the transmembrane
domain may also play a role. Dipole potential is a large positive potential bar-
rier at the membrane midplane created by inward-pointing molecular dipoles at
the interfacial planes and it might influence the functions of transmembrane do-
mains of receptors.
6-ketocholestanol and phloretin were used to increase and decrease, respec-
tively, the dipole potential. Their effect was evaluated by the dipole potential
sensitive fluorescent dye, di-8-ANEPPS. The homo- and heteroassociations
of ErbB proteins in serum-starved and EGF-stimulated SKBR-3 cells were
measured by flow cytometric fluorescence resonance energy transfer and by
fluorescence microscopy using number&brightness analysis. The functional
effect of changing dipole potential was determined in both starved and stimu-
lated cells using flow cytometry by indirect labeling of tyrosine-phosphorylated
proteins by PY99, phosphorylated ErbB2 by Ab18 and phosphorylated ErbB1
by anti-pEGFR antibodies.
The dipole potential was successfully increased by 6-ketocholestanol and
decreased by phloretin in SKBR-3, JIMT-1 and CHO cell lines. An in-
creased dipole potential resulted in a significant increase in ErbB2-ErbB2 ho-
moassociation both in starved and EGF stimulated samples, it increased
ErbB1-ErbB1 homo- and ErbB1-ErbB2 heteroassociation in stimulated
cells, while decreasing the dipole potential caused a non-significant
decrease in most samples. The effect on homoassociations was confirmed
by number&brightness analysis. Ketocholestanol increased and phloretin
decreased ErbB2-, ErbB1-specific and general tyrosine phosphorylation in
EGF stimulated cells.
The dipole potential may play an important role in controlling the homo- and
heteroassociation of transmembrane receptors. Intentional or accidental modi-
fication of the dipole potential by drugs might result in modified signal trans-
duction processes.
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Many cell-signaling events are regulated through reversible tyrosine phosphor-
ylation of proteins, which is controlled by the counterbalanced actions of two
key enzyme families: Protein tyrosine kinases (PTKs) and protein tyrosine
phosphatases (PTPs). Interestingly, both families include transmembrane
receptor-like enzymes, namely the receptor tyrosine kinases (RTKs) and the
receptor-like PTPs (RPTPs). While the regulation and actions of many RTKs
are well characterized, the mechanisms controlling the enzymatic activity of
RPTPs and how they interact with their substrates remain to be fully explained.
Thus, understanding how these receptors function and interact will give funda-mental insights into how tyrosine phosphorylation is finely tuned in cells, and
how it can be modulated.
Homo-dimerization has been shown to regulate the activity of several RPTPs.
Even though the transmembrane (TM) and the juxtamembrane (JM) domains
have been proposed to be involved in this process, there is no clear structure-
based proposal for the role of these regions. Moreover, several RPTPs have
been identified as candidate regulators of RTKs. For instance, the phosphory-
lation of the epidermal growth factor receptor (EGFR) is reduced upon expres-
sion of PTPRK or PTPRJ. Particularly, EGFR was shown to physically interact
with PTPRJ and PTPRK at the cell surface. However, the contact interface be-
tween these receptors is unknown.
Here, using a dominant-negative transcriptional activator-based assay (DN-
AraTM), and mutagenesis, we show that: (1) several RPTPs have a tendency
to homo- and heterodimerize, (2) PTPRJ heterodimerizes with EGFR through
TM-TM interactions, and (3) these interactions are mediated by specific resi-
dues. This work represents the first structure-function study of RPTP-RTK
interaction.
1307-Pos Board B258
In vivo Thermodynamics of RTKS in the Cell Membrane: Quantitative
Spectral FRET
Christopher R. King, Kalina Hristova.
Biophysics, The Johns Hopkins University, Baltimore, MD, USA.
Here, we introduce a new quantitative FRET method (qs FRET) that allows
for the measurement of apparent FRET efficiency and the concentrations of
donor and acceptor-tagged membrane-bound proteins in cell-derived vesicles
and live cells. This new method utilizes two-photon excitation and spectral
imaging technology, where the complete emission spectrum of each pixel in
an image is acquired. We utilize this method to measure the equilibrium as-
sociation constant of fluorescent protein-tagged Receptor Tyrosine Kinases
in live cells.
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EGFR is a member of the ErbB family of receptors. EGFR consists of a glyco-
sylated extracellular domain, a single pass transmembrane segment, and an
intracellular domain with kinase activity. Mutations or increased expression
of this receptor have been linked to human cancers. EGF is a ligand that binds
and activates EGFR. It is generally accepted that EGF binding increases the sta-
bility of EGFR dimers. However, the magnitude of this stabilizing effect has
not been quantified yet. Here, we used spectral FRET, combined with two
photon microscopy, to study the dimerization of EGFR in plasma membranes.
We observed significant stabilization of the EGFR dimer in the presence of the
EGF ligand. These data allowed us to quantify the increase in EGFR dimer sta-
bility upon EGF binding.
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Template-Directed Assembly (TDA) of membrane-associated proteins is a
discovery tool that has been in use for some time. There is an abundance
of data that suggests that recombinant proteins cloned without their transmem-
brane or membrane anchoring domains do not behave as they do in the cell.
TDA technology utilizes the common affinity tag (multi-histidine) to assemble
recombinant fragments of membrane targets (single pass cytoplasmic or extra-
cellular) onto liposomes incorporating Ni-chelating headgroups. In many
cases, these assembled recombinant proteins demonstrate cell-like activity
and selectivity. Despite the abundance of activity data that exists, there is a
relative paucity of biophysical characterization of these systems. Importantly,
it has been proposed that TDA-assembled molecules are conformationally
distinct from the unassembled cloned fragments and more cell-like in char-
acter. Using differential scanning calorimetry (DSC), we present data
comparing the thermal stability of TDA-assembled cytoplasmic domains of
transmembrane receptor tyrosine kinases to unassembled RTK domains. We
also compare thermal stability of the RTK domains in conditions previously
Monday, February 9, 2015 259adescribed to promote maximum activity (with Mn as counterion instead of
Mg). Using Dynamic Light Scattering (DLS), we will characterize the size
of assembled complexes and probe the aggregation state of RTK fragments
under the conditions described above. Data will be assessed and correlated
with activity data.
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We use patterned surfaces to investigate the spatial relationship of ligand-
engaged cell surface receptors to their downstream signaling assemblies and
consequent cellular responses. We are examining two different receptor sys-
tems: the epidermal growth factor receptor (EGFR) on NIH-3T3 cells and
the IgE receptor (FcεRI) on RBL mast cells. Arrays of micron-sized features
with EGF or IgE hapten, 2,4-dinitrophenyl (DNP), are prepared with litho-
graphic processes and chemical modification. Cells settle on these surfaces,
and fluorescence imaging (confocal and TIRF) is used to visualize cellular pro-
teins concentrating at regions of patterned ligand. Radial fluorescence analysis
quantifies the intensity of labeled cellular components on and off patterned fea-
tures and evaluates intensity distributions across different cell areas (e.g., mid-
dle vs. peripheral). In NIH-3T3 cells stably expressing EGFR, we find EGFR
recruitment to patterned EGF is accompanied by stimulated tyrosine phosphor-
ylation while F-actin and endogenous b1-containing integrins also concentrate,
but with differential spatial localizations. F-actin accumulation is phosphatidy-
linositol 4,5-bisphosphate (PIP2)-dependent: it is inhibited by pharmacological
inhibitors of PIP2 synthesis and by acute recruitment of a phosphoinositide
50-phosphatase to the plasma membrane using a rapamycin strategy. Our
previous investigations of IgE-FcεRI signaling used patterned lipid bilayers
to present DNP. We now find that these surfaces yield more uniform accumu-
lation of IgE-FcεRI and recruited signaling components than patterned DNP-
conjugated proteins. This distinction suggests mast cells engaging antigen
bound to other immune cells can undergo differences in membrane reorganiza-
tion: larger, more dense clusters of IgE-FcεRI form when bound to mobile
ligand patterns, whereas IgE-FcεRI concentrates at the edges of immobilized
ligand patterns. Ongoing work aims to evaluate regulatory roles for F-actin
and integrins in RBL mast cells with regard to functional outcomes for spatially
localized interactions between activated FcεRI and downstream signaling
partners.
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The regeneration of rhodopsin after photobleaching (i.e., the binding of 11-
cis-retinal) is a key molecular event responsible for dark adaptaion. Here
we present a detailed study on the kinetics and thermodynamics of this
reaction. We utilized a phospholipid/detergent bicelle system that provided
superior opsin thermostability compared with other reconstitution systems.
We employed recombinant rhodopsin with a genetically-encoded azido-Phe
(azF) [1] that was subsequently modified with Alexa488 fluorophore in a stoi-
chiometric bioorthogonal labeling reaction[2]. The Alexa488-Rho allowed us
to develop FRET-based assays to monitor retinal entry into the binding pocket
and the subsequent formation of Schiff base bond. We also showed that the
diffusion of 11-cis-retinal among the bicelles was not rate-limiting and that
the recombination reaction followed a simple second-order rate law. We
measured the kinetics of the recombination reaction at different temperatures
to assess the enthalpic and entropic contribution of the regeneration reaction.
We further used isothermal titration calorimetry to obtain the overall change
in enthalpy. To study the reverse reaction (i.e., the dissociation of retinal from
opsin) we performed a chromophore exchange experiment in which we
observed very slow (~10-7 s-1) exchange of 11-cis-retinal for 9-cis-retinal
in rhodopsin. To our knowledge, this is the first in vitro experimental demon-
stration of the chromophore exchange reaction in rhodopsin. Based on the
overall results of the study, we derived an energy diagram for the rhodopsin
regeneration reaction.
[1] Huber, T. & Sakmar, T. P. (2014) Chemical Biology Methods for Investi-
gating G Protein-Coupled Receptor Signaling. Chem. Biol.
[2]Tian, H., Naganathan, S., Kazmi, M. A., Schwartz, T. W., Sakmar, T. P. and
Huber, T. (2014), Bioorthogonal Fluorescent Labeling of Functional G-Protein-
Coupled Receptors. ChemBioChem.1312-Pos Board B263
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In microbial photo- and chemotaxis a two-component signaling cascade medi-
ates a regulated response of the flagellar motor to environmental conditions.
Upon activation, photo- and chemoreceptors transfer a signal across the plasma
membrane to activate the histidine kinase CheA. Successive regulation of the
CheY-phosphorylation level controls the flagellar motor.
In Natronomonas pharaonis a sensory rhodopsin II - transducer complex (SRII/
HtrII) mediates negative phototaxis. As the initial signal, a light-induced out-
ward movement of receptor helix F leads to a conformational change of trans-
ducer helix TM2, which in turn propagates the signal to the adjacent HAMP
domain.
For the HAMP domain, a widely abundant signaling module, several mecha-
nisms were suggested, all comprising two distinct conformational states which
we previously observed by two-component cw-EPR spectra at ambient
temperatures.
Here, we trace the conformational signal and it’s propagation throughout the
elongated transducer.(1) We applied cw- and pulse-EPR spectroscopy in
conjunction with nitroxide spin labeling. We follow transient changes by
time-resolved cw-EPR spectroscopy and compare the resulting spectral
changes to simulated EPR difference spectra revealing a shift in the thermody-
namic equilibrium between the two states. Structure-based calculations of the
expected spectral differences shows agreement with a shift towards a more
compact state of the HAMP domain.
To extend the current signaling models to the whole complex, a trimer of
NpSRII/NpHtrII dimers, we carried out molecular dynamics simulations and
observed differences between the deactivated and activated complex, ulti-
mately leading to a signaling model that can now be tested experimentally.
[1] Klose, D. et al., FEBS Lett. (2014) http://dx.doi.org/10.1016/j.febslet.2014.
09.012 (in press)
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Given their function as transducers of molecular signals across the cell mem-
brane, G protein-coupled receptors (GPCRs) constitute a major target for drugs
in a wide variety of physiological scenarios. Understanding the course of struc-
tural transitions that allosterically modulate their activation is, therefore, funda-
mental towards improving rational drug design. Here, we characterize distinct
ensembles of all- atom molecular dynamics simulations of class A GPCR,
rhodopsin. These ensembles correspond to the active- and inactive-like form
of the receptor, with and without ligand, and amount to an aggregate sampling
time of ~116 ms. By monitoring ligand orientation within the binding pocket,
we observe that retinal adopts diverse, heterogeneous conformations that are
consistent with ensemble-dependent dynamics. We also investigate internal hy-
dration within the four ensembles and note how variations in solvation within
the core and ligand dynamics may modulate the activity of the receptor.
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Angiotensin II (AngII) is one of the most important modulators of fluid trans-
port at proximal tubule, playing a considerable role in the regulation of Naþ/Hþ
exchanger isoform 3 (NHE3), which is responsible for the major part of trans-
celular Naþ transport at this nephron segment. Such regulatory mechanism is
mediated by AngII receptor type 1 (AT1R), a G protein-coupled receptor
(GPCR). Considering that the recently identified AT1R interacting protein
called ATRAP seems to act as a negative regulator of this receptor, this
work aimed to address, by overexpression experiments, how ATRAP affects
NHE3 regulation mediated by AngII/AT1R in a proximal tubule cell line
(OKP). The NHE3 activity was evaluated by measuring intracellular pH
(pHi) recovery after previous acidification with ammonium chloride pulse.
